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(54) A DSP-based, nniiltl-biis, multiplexing communications adapter 



(57) A pair of communications adapters each 
include a number of dgrtal signal processors (12) and 
network interface circuits (24) for the attachment of a 
multi-channel telephone line. A txjs connecting the 
communicatk>ns adapters can carry data between a 
network line attached to one of the adapters and the 
digital signal processors of the other adapter. The digital 
signal processors on each card are connected to a host, 
or controller, processor (2). Each digital signal proces- 
sor intempts its host processor by transmitting an inter- 
rupt control t)lock as data to a data memory of the host 
processa, and by sut>sequently sending an interrupt 
causing the host processor to examine the data mem- 
ory. Preferably, the interrupt control blodc indudes data 
representing a number of requested interrupts. 
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Description 

Reld of the Invention 

[0001] This invention relates to a time division multi- 
plexing communications adapter, and more particularly 
to such an adapter, including a number of digital signal 
processors, which may be used as a member of an 
interconnected group of such adapters. 

PacKgrpund Infermation 

[0002] A conventional DSP (Digital Signal Processor) 
based communications system having a capability of 
handling large numbers of channels on one or more net- 
work lines includes a line card to which one or mae 
external lines may be attached and one or more DSP 
cards which can be used for adcfing processor resource 
to the line card. However, since network lines can carry 
varying numbers of information cfiannels, and since 
information networks can be expected to grow arxJ oth- 
erwise change in a number of ways, a problem with this 
approach is its lack of flexibility. A user of this type of 
system cannot vary the nurTt>er of lines which can be 
attached to his system to match his processing capat>il- 
ity without inaeasing his number of line cards. 
[0003] What is needed is a communications card 
which has both line adapter functions and DSP 
resources, with such a card being readily connectable 
with a second communications card to increase the 
DSP resources available for a network line attached to 
the second communications card. 
[0004] What is needed is a communications card 
which communicates with an external processor, such 
as the processor of a host controller card, or a system 
unit processor, by means of interrupts. The communica- 
tions adapter may have a number of DSPs. Due to the 
real-time nature of processor operation, the overhead of 
handling interrupts may become a serious txjrden. 
When a single host, or controller, processor is con- 
nected to many DSPs in the communications card, a 
major overhead problem for the host processor is due to 
a need for context switching arKi due to a need to save 
and restore all registers for each interrupt. Problems 
with tfiis burden are particularly significant when the 
host processor is a RISC configuration having a large 
number of registers to be saved. 
[0005] What is needed is a mettiod for kxindling a 
nurhber of interrupts to the host processor from a single 
DSP, so that they can be handled together. 
[0006] U.S. Patent No. 4,991 ,1 69 describes the use of 
a dual digital signal processor (DSP) to provide real- 
time links between multiple time division channels of a 
digital carrier system (e.g. T-1) and a host data proces- 
sor. Operating only on digital signals, internally and at 
its interfaces to the carrier and host systems, the DSP 
excfmnges data and control signalling information with 
the carrier system and data and control information with 



the host processor, converting the data in passage to 
different digital forms. At ttie interface to the carrier sys- 
tem, signals are received arxJ transmitted in a form 
adapted to cfiverse terminal equipment of users. 
5 remotely linked to the earner system via the switched 
public network. At the host interlace, signals are trans- 
mitted and received in a form suited to the data process 
requirements of the host system (e.g. data bytes direcfly 
representing alphanumeric characters. The DSP acts 
10 as the equivalent of multiple cOfferent types of modems 
in performing required conversions. The DSP may also 
perform processing services in order to reduce the 
processing burden on tiie host system (e.g. parity 
checking of data, detection of specific character tune- 
rs tions in data or specific tones in audio signals, and 
selective muting of voice to host storage for voice mail 
applications. 

[0007] U.S. Patent No. 5.553.293 describes an inter- 
processor interrupt unit (IIU) for processing interrupts 

20 between a remote processor and a host processor on a 
multiprocessor system. The IIU off-loads tasks involved 
in processing interrupts from tiie operating kernel of the 
remote processor. Control blocks of interrupt informa- 
tion and commarKis are stored in Data Random Access 

25 Memory (DRAM) t)y the remote processor. TTie remote 
processor packs a buffer of control block memory 
addresses in DRAM (or the IIU to access to retrieve the 
control blocks from DRAM. The IIU receives a control 
bkx^k and loads the control t)lock irrto registers. The IIU 

30 then issues an interrupt request to the host processor. 
Thee host processor receives the interrupt request and 
indicates to the IIU that ttie Interrupt has been proc- 
essed. The IIU then notifies tiie remote processor that 
the interrupt has been processed. The IIU may be pro- 

35 grammed to notify the remote processor of completion 
eittier by an interrupt or by setting a status flag in ttie 
DRAM. 

[0008] U.S Patent No. 5.572.695 desaibes a digital 
signal processing system including first and second log- 
40 leal memory mapping units cotpled to first and second 
digital processors, respectively, and to a data storage 
unit. The first and second mapping units are operative 
to receive (i) first and second logical addresses gener- 
ated by the first and second digital processors respec- 
ts tively and (ii) first and second address mapping 
information respectively, and generate first arxJ second 
phystoal addresses such ttiat each off the digital proces- 
sors can independently access any of a plurality of 
memory k)cations within the data storage unrL 

50 

Disclosure of the Invention 

[0009] In accordance witti one aspect of tiie invention, 
there is provkJed a mettiod for transferring interrupt 
55 information from a digital signal processor subsystem 
accessing a first data memory to a host processor 
accessing a second data memory, wherein the digital 
signal processor subsystem is connected to the host 
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processa by an interrupt line and a plurality of data 
lines, wherein the method comprises steps of: 

a) transferring the interrupt information along the 
data lines as a control block from the digital signal s 
processor subsystem to a predetermined area 
within the second data nrtemory; 

b) sending an Interrupt from the data signal proces- 
sor subsystem along the Interrupt line to the host 
processor; and 

c) reading information from the predetermined area 
within the second data memory by the host proces- 
sor upon receipt of the interrupt. 

Brief Description of the Drawings 

[001Q] The invention will now t>e described, by way of 
example only, with reference to the accompanying 
drawings, in which: 

FIG. 1 is a schematic view of an ISDN server appli- 
cation using a communications adapter built in 
accordance with the present invention: 
FIG. 2 is a diagrammatic view of the communica- 
tions adapter card of FIG. 1 : 
FIG. 3 is a schematic view of a communications 
configuration including four off the communications 
adapter cards off FIG. 2; 

FIG. 4 is a functional block diagram of the commu- 
nications adapter card of FIG. 2, particularly show- 
ing the routes of data flow; 
FIG. 5 is a block diagram of two DSP subsystems in 
the communications adapter card of FIG. 2, 
together with associated circuits: and 
FIG. 6 is a schematic view of a linked list of intenupt 
blocks formed within the data store of a DSP sub- 
system in the communications adapter card of FIG. 
2. 

Detailed Description of the Invention 

[0011] FIG. 1 is a schematic view of an ISDN sender 
application using a communicatk>ns adapter txiilt 
according to the present invention. In thte applicatton, a 
computer system 1 includes a system unit processor 2 
having a PCI (peripheral Component Interconnect) bus 
3 extending to a controller 4. Data is transferred 
between a host network 5, such as a database service 
networK and the computer system 1 over a LAN 6 
(Local Area Networt^. Also connected to the computer 
system 1 is an ISDN network line 7, which extends 
through the put>lic switched telephone network to a 
switch 8, which is part of this telephone network. TTie 
ISDN network line 7 is. for example a T1 line in the 
United States or an El line in Europe. At the switoh 8. 
signals from the ISDN network line 7 are divided among 
a number of devices 9, which may be telephones, com- 
puting devices, or cont)inations thereof. 



[0012] In the computing system 1. the ISDN line 7 is 
connected to a communications adapter card 10. A sin- 
gle ISDN sut>system 11 consists of a single card pair, 
with a communk;ations edapter card 10 plugged into a 
controller card 4, provxiing modem or other TDM voice- 
related functions within an ISDN primary rate interiace 
for a personal corrputer having a PCI bus. Such a single 
card pair subsystem 11 can handle 30 ISDN B chan- 
nels, making use off the full ISDN B channel bandwidth 
of 64 Kbps (killobfts) per second while communrcating 
with remote digital devices. Alternatively, a single card 
pair subsystem 11 can provide for 15 connections to 
remote analog modems at data rates up to 56 Kt3ps 
when communicating with remote analog nrxxienns. The 
actual number of channels which can be connected in 
this way may vary somewhat from these numt>ers. 
depending on the characteristics arxJ limitatfons of the 
public switched telephone network as well as on the 
capabilities off the ISDN sut)system 1 1 . The computing 
system 1 may be, for exarrple, an IBM 7588 industrial 
computer, having a PCI bus 3 which can k>e connected 
to multiple ISDN subsystems 11. each of which is corv 
nected through an ISDN network 7 to a separate ISDN 
network. The adapter card 10 may t>e used to process 
data signals, voice signals requiring speech synthesis 
or speech recognition, or video signals in a videoconfer- 
encing applicatfon. 

1001 3] FIG. 2 is a diagrammatic view of a communica- 
tions adapter card 10 built in accordance with the 
present invention. This card 1 0 includes eight digital sig- 
nal processor (DSP) subsystems 12-0 through 12-7. 
together with provistons for bus oonneclfons through an 
SC-bus connector 14, an EI/TI interface connector 16. 
to whtoh the ISDN network line 7 (shown in FIG. 1) is 
connected, and a PMC (PCI Mezzanine Card) PCI con- 
nector 18. by which the convnunications card 10 is con- 
nected as a daughter card to the controller card 4 (also 
shown in FIG. 1). Other major components are an SC- 
bus switch 20, supporting an SC4xjs interfece. config- 
ured according to SCSA (Signal Computing System 
Architecture) requirements, through the SC-txJS con- 
nector 14, a serial to parallel interface 21 , and a network 
interface including a frame aligner 22 and a 
driverAeceiver24. 

[0014] FIG. 3 is a schematic view of a communica- 
tions configuration 32, built in accordance with the 
present invention, in which four of the communications 
adapter cards 10 of FIG. 2 are individually connected to 
four associated controller cards 4. This configuration 
supports two ISDN modem interfaces 36. The controller 
card 4 is, for example, an IBM PCl-960 Base Controller. 
Each controller card 4 fits into a card slot of a personal 
computer supporting a PCI bus 38. which is provided 
through a connection 40. A PCI bus connection is also 
made between each controller card 4 and its associated 
communications adapter card 10 through a PMC PCI 
connector 18. The communications adapter cards 10 
are also interconnected through an SC-bus 42, extend- 
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ing through a ribbon cable atop the cards 10, 4, to be 
connected through SObus connectors 14. In the exann- 
pie of FIG. 3, two adjacent ISDN subsystems are linked 
to handle 60 ISDN B channels, 30 connections to 
remote analog modems, or various combinations 
thereof. In FIG. 2. two such linked pairs of ISDN sut)sys- 
tems are shown, each of which has a single connectkm 
to an El or T1 line 7. 

[001 5] Referring to FIGS. 2 and 3, the eight DSP sub- 
systems 12 on each communications adapter card 10 
provide nrxxJem functk)ns from 300 bps (bits per sec- 
ond) to 56 Kbps for each of fifteen ISDN B channels 
within the ISDN interface 36. Two card-pair subsystems 

1 1 are thus needed for 30 ISDN B channels. Each DSP 
sut>system 12 provides modem data pumping and pro- 
tocol processing functions for two anafog modem chan- 
nels, or data and vofoe processing functions for up to 
four ISDN digital channels. Ail eight DSP subsystems 

12 on the card 10 sharea common TDM port, dropping 
and inserting their data at their assigned time slots. 
[0016] Thus, in the configuration of FIG. 3. twice as 
many card-pair suk)systems 11 are required for the 
attachment of a single ISDN network line 36. as in the 
configuration of FIG. 1 . However, in the configuration of 
FIG. 3. twice as much processing resources are availa- 
ble for each ISDN network line 36 as for the lines 7 of 
FIG. 1. This additional processing capabnity may be 
used to service additional renxste devices or terminals, 
or to process more complex algorithms for each chan- 
nel. Again, the actual numt>er of devices which can be 
connected depends on the capaknlities of the telephone 
network as well as on the capat)ilities off the subsystems 
11. 

[001 7] FIG. 4 is a functional block diagram of the com- 
munications adapter card 10 of FIG. 2, particularly 
showing the routes of data flow. Each DSP subsystem 
12 is connected to a PCI bus 48 extending along the 
card 10, and to a two-port data RAM 50 which is pro- 
vided as a transmit/ireceive buffer for the con^esponding 
DSP subsystem 12. Each 2-portdata RAM 50 is a IKx 
8 high-speed static RAM device, such as a Cypress 
CY7C131 memory module. The PCI bus 48 is con- 
nected through a PCI-PCI bridge circuit 52 to a bus 53 
attending through the PCM PCI connector 18 into the 
controller card 4. The PCI bus 48 is a synchronous 32- 
bit I/O interlace running at 33 Mhz. Interrupts A and B, 
as defined by ttie PCI focal bus architecture, are used, 
with the DSP subsystem 12-0 connected to interrupt 
line A, while the DSP subsystems 12-1 through 12-7 are 
tied together on Interrupt line B. All intenrupt functions 
between these DSP subsystems 12 and the controller 
card 4 are controlled by a processor 53a of the control- 
ler card 4. which is, for example, an Intel 80960 proces- 
sor. 

[0018] The PCI-PCI bridge drcuit 52 electrically iso- 
lates the PCI txjs 48 from the PCI bus 53 and provides 
arbitration for the eight DSP subsystems 12 as they 
request busmaster service. This bridge circuit 52. may 



each be, for example, a DEC 21150 PCI-PCI Bridge 
chipv which can handle up to nine devices. The bridge 
drcuit 52 includes a memory space which is divided into 
standard bridge configuration registers and device-spe- 

5 cific configuration registers. The device-specific regis- 
ters, which are not needed for standard 
implementations between PCI busses, are not pro- 
grammed for this applicatfon. The standard configura- 
tion registers are controlled by the kernel of tiie 

10 controller card processor 53a. 

[001 9] The 2-port data RAM devices 50 are individu- 
ally connected through an 8-bit data channel 58 to a 
serial to parallel TDM interface chip 21, which may be, 
for example, a Mitel MT8920B interface chip. This inter- 

15 face chip 21 is in tum connected to LCX)AL PORT 1 of 
SC-bus switch 20. which may be, for example, a VLSI 
SC4000 interface chip. This bus switch 20 is in tum con- 
nected to the SC-bus connector 1 4. 
[0020] The E1 or T1 line 7 is attached to tiie commu- 

20 nications adapter card 10 tiirough the network interface 
connector 16. Lines from this connector 16 are routed 
through a network niterface induding surge control 
devices 62, network interface driver and receiver 24, 
and network framer 22. The network interface driver 

25 and receiver 24 is, tor example, a Siemens PRACT (Pri- 
mary Rate Access Clock and Transceiver) PEB 22320 
chip. The network framer chip 22, is, for example, be a 
Siemens ACFA (Advanced CMOS Frame Aligner) PEB 
2035 chip. The network interface driver and receiver 24 

30 generates tiie primary dock interface for all of the TDM 
hardware modules, such as network framer chip 22, the 
serial to parallel interface 21 . and the SC-bus switch 20. 
The network interface driver and receiver 24 and the 
network framer chip 22 are controlled by DSP sutssys- 

35 tem 12*0, in a manner which will be descril^ in refer- 
ence to FIG. 5. The network interface drcuHs 22, 24, 62 
also includes transformers for receive and transmit cir- 
cuits, termination resistors, and diode damps. While 
changes in programming can cause the communica- 

40 tions adapter 10 to operate in alternate modes as 
required by attachment to an El or T1 line, changes in 
a hardware configuration off network impedance match- 
ing resistors are also required t>etween these modes. 
Serial transmit and receive lines from the network inter- 
ns face drcuit 60 are connected to LOCAL PORTO of the 
SC^s switch 20. 

10021] The communicatfons adapter card 10 sif)pons 
an SCSA (Signal Computing Systems Architecture) 
interface at Hs top edge along a 26-pin connector 14. 

50 This interface supplies all of the necessary clocking sig- 
nals, and sixteen serial data signals tor card-to-card 
oomnrunfoations. This interlace has the capability of 
eight full-duplex T1 or El network lines. Additionally, the 
number of timeslots per frame is programmable to 32 or 

55 64. Preferably, this parameter is programmed to 32 
timeslots per frame. 

[0O22] The SC-bus switoh 20 supports four local serial 
port connections, of which only LOCAL PORT 0 and 
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LOCAL PORT 1 are used. The switching function Is 
Implemented througjh two RAM memorieSp with a desti- 
nation routing menrKxy controlling data mcvement from 
the local ports to the SC-bus 42 (shown in Fia 3), whfle 
a source routing memory controls data nxivement from 
the SO^us 42 to the local ports. The timeslot number 
serves as the address to either routing memory^ while 
the data stored In the routing memory t)ecomes the 
switched timeslot number. Actual timeslot serial data Is 
loaded in frame buffers and routed through multiplexing 
circuits controlled by the destination and source routing 
memories. There is a one-frame delay for data travelling 
through the SC-bus switch 20 in either direction. 
[0023] The SC-bus switch 20 is the main clock source 
for all TDM clock functions, receiving a reference clock 
from the network interface driver and receiver module 
24, whteh is synchronized to an incoming data stream 
received from the network transmission line 7. From this 
reference ck)cK the SC-bus switch 20 generates all 
main SC-txJS clocks and all of the local port clocks. The 
local ports have a 4.096-Mhz bit dock and an 8-Khz 
frame s^h cAock, which are supplied to the network 
interface framer 22 and to the serial to parallel interface 
21 . When several communications adapter cards 10 are 
connected by the SC-bus 42. as shown in ttie example 
of FIG. 3» the SC-bus switch 20 of one of the cards 10 is 
programmed to be the master ctock source, while the 
switches 20 on flie ottier cards 10 are programmed to 
operate as slaves. In this way the TDM data patiis on all 
the cards 10 are synchronized to a single network cat)ie 
7. If tftis single ckx;k source should fail, the SC-txis 
switches 20 have an ability to switch to another such 
switch 20 as an altemative master clock source, sup- 
porting a soft recovery mode of operation. 
[0024] The serial to parallel interface chip 21 provides 
the connection between LOCAL PORT 1 of the SC-bus 
switch 20 and one port of each of the eight two-port IK 
X 8 RAM buffers 50. Serial transmit and receive data 
between the serial to parallel interlace chip 21 and the 
SC-bus 20 is clocked at an El line speed of 2.048 Mbits 
per frame and 8000 frames per second. Data is shifted 
into one buffer 50 and out of another buffer 50 in full 
duplex mode. Separate transmit and receive 2-port 
RAM buffers (not shown) wittiin the serial to parallel 
interlace chip 21 each have one port tied to a separate 
serial port 63. while the otiier port of botii these txjffers 
is tied to a common parallel port 63a. One byte of frans- 
mit data is read from the transmit buffer RAM one chan- 
nel time t>ef6re it is shifted out the serial port 63 of this 
chip 20, and one byte of receive data is written to the 
receive buffer RAM one channel time after it is shifted in 
from tiie serial port 63. The parallel bus 58 extending 
between the parallel interface chip 21 and the RAM buff- 
ers 50 provides an 8-t)it data txjs and a 5-bit address 
bus. a WRITE ENABLE pulse, and a READ ENABLE 
pulse. This interface allows direct connection of the 
eight RAM buffers 50, being timed to read one byte and 
write one byte of parallel data as the serial interface 



from the serial to parallel interface chip 21 is shifting four 
bits in or out 

[P025] The parallel interface port 63a writes all 32 
channels of receive data for every frame Into all eight 

5 two-port RAM buffers 50 simultaneously. In this way, all 
eight DSP subsystems 12 have access to all received 
data. On the other hand, parallel transmit data is read 
from the transmit portion of a single two-port RAM txjffer 
50 at a time into ttie parallel interface port 63a. 

10 [0026] Each 2-port static RAM buffer 50, being divided 
into transmit and receive buffers (not shown), stores 
eight consecutive frames of data to be transmitted or 
received. All 32 channels for each frame are allocated 
for both transmit and receive buffers. Each DSP sut>sys- 

15 tern 1 2 can access 256 bytes of receive buffer data and 
256 bytes of fransmit buffer data. The serial to parallel 
interface 21 requires a dedicated port to each of these 
buffers continuously A frame counter function is 
inrplemented in circuits associated witti the DSP sut)- 

20 system 12-0, which will be discussed in reference to 
FIG. 5. These tiiree bits, togettier witti ttie five address 
bits driven along bus 58 from tiie serial to parallel inter- 
face 21. provide for the selection whk:h must be made 
among the transmit and receive txjffers wittiin the RAM 

25 txjffers 50. The serial to parallel interlace 21 can only 
read from the transmit buffers within the RAM buffers 50 
and can only write to the receive buffers therein. All 
eight receive buffers are written simultaneously, but only 
one transmit buffer is read at a time. 

30 [0027] The other, opposite port of each two-port RAM 
txjffer 50 is dedicated to an associated DSP sut)system 
12, which can only write to the transmit buffer within the 
RAM buffer 50 and read from the receive buffer ttierein. 
[0028] Thus, referring to FIGS. 3 and 4, data received 

35 from the transmission line 7 moves as serial data from 
the network interface connector 16, through network 
interface devices 24, 22 into the LOCAL PORT 0 of SC- 
bus switch 20 and outward from ttie LOCAL PORT 1 of 
this switch 20 to the serial to parallel interiace 21 , where 

40 it is converted into a parallel format, in which it is carried 
into the RAM buffers 50. Data from these buffers 50 
then flows through the associated DSP suk>systems 12 
to the internal PCI bus 48, and into the confroller 4 
through PCI bus 53. Alternately, the data received 

45 through the LOCAL PORT 0 In the SC-bus switch 20 is 
switched to be fransmitted through the connector 14 
and the SC-bus 42. to be processed through anottier 
oommjnk:ations controller 10 in the computing system. 
[0029] Data to be transmitted on the transmission line 

50 7 f tows into the communications adapter 1 0 ttirough PCI 
bus 53 and through PCI bus 48 to ttie DSP subsystems 
12. This data is then written into the associated RAM 
buffers 50, to be sent therefrom. In a parallel format, 
along the 8-txt data bus 58, to the serial to parallel inter- 

55 face 21 . In this interiace 21, the data is converted to a 
serial format, to be directed through SC-Bus Switch 20 
into the network interface devices 22, 24. This data is 
then driven into the network line 7 through interface 
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connector 16. Alternatively, the SC4xjs swrtch 20 can 
direct data received through LOCAL PORT 1 from the 
serial to parallel interface 21 outward through the SC- 
bus connecbr 14 to the SC-txjs 42. to be transmitted 
from a network line 7 connected to another oommunica- s 
tions adapter 10. 

[0030] FIG. 5 is a block diagram of DSP sut>system& 
12-0, 12-1 and associated circuits. This diagram also 
applies to six other DSP subsystems 1 2-2 through 12-7. 
which are identical to subsystem 12-1. The DSP sut>- 
system 12-1 includes a DSP module 64-1. which is, for 
example, an MWAVE 3780P module, 128K x 24 instruc- 
tion storage 66-1 , and 128K x 16 data storage 68-1 . The 
DSP module 64-1 drives the static RAM buffer 50-1 with 
its 16-bit GPIO port 70-1 and with an external 8-bit 
address latch nxxlule 72-1 . The control code executing 
in DSP module 64-1 can only write to the transmit bufler 
area In RAM buffer 50-1, and can only read from the 
receive buffer area in this buffer 50-1 . 
[0031] The sixteen bits of the GPIO port 70 of each 
DSP nxxiule 64 can be programmed to k>e input only, 
output only, or t)i-directk)nal. A single DSP instruction 
can change the polarity of output bits, read the current 
state of the 1 6 bits, or tri-state a set of bits. Since only a 
single function can be performed with each DSP 
instruction, it requires a series of instructions to perform 
a timed sequence oontrolHng an external devica In the 
communicatk>ns adapter card 10 (shown in FIQ. 4) nine 
DSP Instructions are required to read and write a single 
address in the two-port RAM buffer. Each DSP sut>sys- 
tems 12-1 through 12-7 only control two devices, the 
associated RAM txjffer 50 and a frame counter (not 
shown). Thus, hardware for only these two devk^es is 
implemented in connection with these sut>systems 12-1 
through 12-7. However, the DSP code executed within 
these sut)systems is kientical to tiiat of the DSP subsys- 
tem 12-0. which controls several additional devices. 
Each DSP sut>system 12 determines whk:h devices to 
control by reading a subsystem ID value from its 
DSTORE memory space. 

[0032] Again, the DSP subsystem 12-0 includes a 
DSP nxxlule 64-0. 128K x 24 instruction storage 66-0. 
and 128K x 16 data storage 68-0. The DSP sukjsystem 
12-0 also has an associated static RAM buffer 50-0. but 
its control is fiandled through an external control logic 
nxxiule 74, which may be implemented, for example, 
using a PAL (Programmable Array Logic) chip from 
Advanced Mk:ro Devtoes. The control k)gk; module 74 
also provides ADDRESS and (X)NTROL outputs 
through which the DSP sut>system 12-0 estat)l}shes 
readAMTite control of the SC-bus switch 20, and the net- 
wori^ interface framer 22. The DSP module 64^ uses Its 
parallel, bi-directional GPK) port 75 as a data bus 78 
and a control k>us 80 to read and write to registers in the 
network framer 22. in the SC-txjs switch 20. in a two- 
port channel RAM circuit 81. and in the two-port data 
RAM buffer 50-0. A read or write to a register within the 
network framer 22 requires a sequence of DSP instruc- 



tions which manipulate the GPIO port 75 to match tiie 
required timings for an 1/0 cyde of the network framer 
22. The GPIO port 75 also supports an interrupt func- 
tion to monitor signalling and error status from the net- 
work framer 22. Address lines 82 and additional control 
lines 84 also extend to these circuits 20. 22. 81 . and 50- 
0 from control logk; module 74. The address lines 82 
and control lines 80, 84 are also extended to two-port 
data RAM buffers 50-1 through 50-7. so that ttie DSP 
sut)system can control operation of these devices. To 
prevent read/Write access conflicts, each DSP sii>sys- 
tem 12-0 through 12-7 can nK)nitor the value of a com- 
mon frame counter witiiin control logic 74. Each DSP 
sut>system 12 uses this infbrmation to avoid writing in 
locations in both the transmit and receive buffers of its 
associated RAM buffer 50, when these buffers are 
being used by ttie serial to parallel interface 21. 
10033] Control of the network interface driver and 
receiver 24 is established through the PBUS port 86 of 
the DSP module 64-0. This port 86 acts as an 8-bit 
slave ISA interlace, witti only write commands being 
needed to set latches in the control logic 74. The PBUS 
port 86 is seH-docking, requiring only one DSP instruc- 
tion to issue a write command to the driver and receiver 
nxxJuIe 24. which only accepts write correnand from the 
PBUS port 86. A yellow/green LED 88 is also controlled 
in this way. prcvkiing a viable indtoatkKi of the use of the 
oomntinications adapter card 10, at its end, which can 
be seen at the rear of the computer 1 (shown in FIG. 1 ). 
[0034] The two-port channel RAM rrxxfule 81 is a sin- 
gle 1 K x 8 device controlled only by DSP subsystem 12- 
0. Only 64 locations are used within tiiis RAM module 
81 . forming af irst 32-location buffer used by the serial to 
parallel interface 21 (shown in FIG. 4) and a second 32- 
location buffer used by the DSP subsystem 12-0. These 
two txjffers are separated by an address bit controlled 
by a ping pong latch. Since the polarities of the two out- 
puts of the ping pong latch are almys opposite one 
another, botti port addresses never simultaneously 
include the same value, preventing read^rite conflicts 
from botti ports to a common internal array The DSP 
subsystem 12-0 controls the state of the ping pong 
latch. When the DSP subsystem 12-0 is using one 
buffer, the serial to parallel interface 21 is using the 
ottier. When tine state of ttie ping pong latch is flipped, 
the buffers are reversed. This operation altows the DSP 
subsystem 12-0 to pre-load or nruxjify channel or sub- 
system site infbrmation k)efbre turning over tiiis new or 
updated txiffer information to the series-to-parallel inter- 
face 21 . The MWAVE 3780P module contains a A4 MIP 
lSP-5.6 DSP core which can access 128K of 24-bit 
instructions and 128K of 16-bit data storage. This mod- 
ule is a nmjitifunction device corrtaining PCI fmctions for 
DSP. UART. MIDI. SoundUaster. Soundblaster DMA 
Controller, and three PBUS parallel devices. In tiie 
exarrple of the present invention, only the DSP device is 
configured for the PCI interface. Only in the DSP mod- 
ule 64-0. the three PBUS devices are used by tiie DSP 
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core, but not by the PCI Interface. There are three addi- 
tional serial UO ports available from each MWAVE mod- 
ule, but they are left unconnected, as they are not used. 
All of these adcfitional peripheral interfaces and unused 
device functions are disabled and powered dowm 
through peripheral control and power management reg- 
isters to minimize power consumption and to avoid 
resource conflicts. 

[0035] Each DSP module 64 uses an internal clock 
generator driven by an external 33.8688 Mhz oscillator. 
This internal PLL (Phase-Locked Loop) dock generator 
is programmable, allowing instructkxi cyde rates from a 
minimum of 17 MlPs to a maximum of 44 MlPs. In the 
example of the present invention, all DSP modules 64-0 
through 64-7 are set to run at 44 MIPs. 
[0036] Referring again to FIG. 4, both the controller 
processor 53a and the DSP sutisystems 12 are able to 
interrupt one another across the connected PCI busses 
48. 53. A single-threaded inten-upting protocol is used 
within the system to prevent oven'uns. Four internet 
signals are supported by lines within a PCI kxj& The 
DSP subsystem 12-0 is connected to INTERRUPT A, 
arxl the DSP subsystems 12-1 through 12-7 are all con- 
nected to INTERRUPT B. with INTERRUPTS C and D 
being neither used nor connected. When a DSP sub- 
system 12 wishes to interrupt the controller processor 
53a, it writes to its own MSA address 'SOOO 0060*h. the 
HBRIDGE interrupt register within the PCI-PCI bridge 
52. 

[0037] While the sixteen bits in the HBRIDGE inten-upt 
register are conventionally used to represent up to six- 
teen different types of service, a DSP subsystem 12, 
operating in accordance with the present invention, 
sends a control block of data representing intenrupt(s) to 
be requested into a predetermined area within the data 
menKMry 89 of the controller card 4 by means of a DMA 
(Direct Memory Access) process. Then, the DSP sub- 
system 12 sets any bit to send an interrupt through the 
PCI busses 48, 53. When the controller processor 53a 
receives this interrupt, it determines that DSP subsys- 
tem 12-0 has requested an internet if the intenupt is 
received on the INTERRUPT A line, or that one of the 
DSP subsystems 12-1 through 12-7 has requested an 
interrupt, if the interrupt is received on the INTERRUPT 
B line. According to a prefen'ed version of the present 
invention, the control block of information sent to the 
data memory 98 of the control card is read by the con- 
troller processor 53a upon receiving an interrupt to 
determine, among other fads, which subsystem 12-1 
through 12-7 has requested the interript. Othenwise, if 
the interrupt has been received on the IhlTERRUPT B 
line, the controller processor 53a reads the HBRIDGE 
interrupt register from each DSP subsystem 12-1 
through 12-7, checking for 'It) t}its. 
[0038] While multiple intenrupt requests from DSP 
subsystems 12 may t>e present, the controller proces- 
sor 53a keeps track of which Interrupt is t)eing proc- 
essed. At the end of an interrupt routine, the controller 



processor 53a writes to the HBRIDGE register in the 
particular DSP sut>system 12 whose interrupt request is 
active, a MASK of 'OOOO'h. This write conrvnand dears 
the interriipt request Otherwise, the DSP subsystem 1 2 
5 may dear its HBRIEXsE register after receiving an 
acknowledgment. 

[00391 The controller processor 53a interrupts a par- 
ticular DSP sut)system 12 by writing to an lyO decode 
address *8000 06A2'h, the Asynchronous Intenupt Reg- 

w ister. This 1 6-brt register has two spedal bits, bits 4 and 
5, which are assigned to work with the intern^ protocol 
of the communicatfons adapter 10. Bit 4 is a COM- 
MAND INFORMATION bit. which tells a DSP subsys- 
tem 12 that a particular type of control block has k>een 

15 assured by the controller processor 53a. The DSP sut> 
system 12 uses this information to fetch the actual con- 
trol btock from the memory of the oontroQer 4. and to 
determine how the data should be processed. Bit 5 is a 
handshake acknowledgement for interrupts from a DSP 

20 sut>system 12 to the controller processor 53a, indicating 
that the controller processor 53a has conpleted servic- 
ing a current intenrupt from a DSP subsystem 12. Over- 
runs are prevented, since interrupts from the DSP 
sut>system 12 are serviced in a single-threaded man- 

25 ner. Bit 5 interrupts operate in a request-response 
mode, while Bit 4 interrupts operate in a request-only 
mode. When the DSP subsystem 1 2 goes to the vector 
for either a Bit 4 or a Bit 5 intenrupt, the txt turns off. The 
controller processor 53a does not poll this corxiition to 

30 arm the intenrupt again; a standby area is checked to 
insure all cun^ent commands are deared. 
IP040] According to a preferred version of the present 
invention, a number of interrupts from each DSP sut>- 
system 12 to the controller processor 53a, in the form of 

35 Interrupt blocks of data, are collected, or bundled, 
before th^ are sent to the controller processor 53a, to 
further reduce the bandwidth required within this proc- 
essor 53a for intenupt processing. 
[0041] FIG. 6 is a schematic view of a linked list 90 of 

40 interrupt bfocks formed within the data stae 68 (shown 
in FIG. 5) of each DSP subsystem 12. This list is 
accessed by a first pointer 92, which pdnts to the last 
intenupt which was sent from the particular DSP sub- 
system to the controller processor 53a (shown in FIG. 4) 

45 and by a second pointer 94. which points to the location 
at which a new interrupt may be written. The interrupt 
block currently in the location to which the second 
pointer 94 points has already been transmitted to the 
oontrdler processor 53a. Thus, at any time, the interrupt 

50 docks remaining to t>e sent to the processor 53a are 
those blocks in the list between the first pointer 92 and 
the second pointer 94. The pointers 92, 94 move along 
the fist in a drcular f^ion, returning from the last INT 
BLOCK "N- to the first INT BLOCK 1 . 

55 [0042] In a f irst version of operation, after an interrupt 
dock is sent to the processor 53a. no more interrupt 
docks are sent until an acknowledgement of the prior 
Intenupt is returned. The first pointer is heU at the foca- 
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tion indicating the location of the pria intenupt. Until 
this prior interrupt has been acknowledged, Interrupt 
blocks are written as they are called for at the location of 
the second pointer, which is moved downward alter 
each new block is written. When this prior intenrupt is 5 
acknowledged, the interrupt blocks between the first 
and second pointers frf any) are written by the DSP suk>- 
system 1 2 to the data memory of the controller 4, using 
a DMA capability. After each interrupt block is accessed 
for writing, the first pointer is moved downward, until the 10 
second pointer is reached. 

[0043] In a second versfon of operation, the DSP sub- 
system 12 tracks the nurTt>er of interrupt blocks which 
have t>een written within the list 90 since the last inter- 
rupt block was sent to the processor 53a. When this list is 
reaches a predetermined limit, ttie interrupt blocks are 
written by means off DMA to the memory of the oontrd- 
ler card. 

[0044] In a third version of operation, the DSP subsys- 
tem 12 tracks the elapsed time following the transmis- so 
sion of a prior intenrupt block, or the time after the first 
untransmitted interrupt is written into the list 90. When 
this time reaches a predetermined level, the interrupt 
blocks (if any) k>elween the first and second pointers are 
written by the DSP subsystem 1 2 to the data memory of 2s 
the processor 4. 

[0045] These methods may be used in combination. 
For exaiiple, interrupt blocks may be sent to the proces- 
sor 53a upon receipt of an acknowledgement, only if a 
sufficient number of such blocks, over a predetermined 30 
limit, have accumulated between the pointers 92. 94. In 
this way, the frequency with which the processor 53a is 
interrupted is not needlessly increased t)ecause 
acknowledgemenis are quicMy returned. Also, interrupt 
biodks may be sent to the processor 53a either upon 3s 
acknowledgement of a prior interrupt or when the time 
following the transmission of a prior interrupt exceeds a 
predetermined maximum, to control interrupt latency. 
[0046] With any of these versions, or corTt>inations 
thereof, a power-on or other session t>eginning process 40 
may include the transmission of a single intenupt to get 
the process started. After one or more interrupt blocks 
are sent tyy DMA. an interrupt is sent along cin interrupt 
line of the PCI busses 48, 53 (shown in FIG. 4), indicat- 
ing that the processor 53a should check the appropriate 45 
locations with Hs data memory 89. 

Ctaims 

1 . A method for transferring interrupt information from so 
a digital signal processor subsystem (1 2) accessing 
a first data memory (50) to a host processor (53a) 
accessing a second data memory (89). wherein 
said digital signal processor sii^ystem is con- 
nected to said host processa by an interrupt line ss 
and a plurality of data lines, wherein said method 
comprises steps of: 



a) transferring said interrupt information along 
said data lines as a control block from said dig- 
ital signal processor subsystem to a predeter- 
mined area within said second data memory; 

b) sencfing an interrupt from said data signal 
processor sut)system along said Interrupt line 
to said host processor; and 

c) reading information from said predetermined 
area within said second data memory by said 
host processor upon receipt of said intenupt. 

2. A method as claimed in daim 1 , wherein saki data 
signal processor sut)system (12) sends said inter- 
npt infonnation to said second data memory (89) 
by means of (firect memory access. 

3. A method as claimed in claim 1 , wherein said step 
a) is preceded t>y accumulating a plurality of inter- 
rupt blocks (90). with each interrupt block within 
said plurality thereof including representing an indi- 
vidual interrupt request, with said control block 
inducfing said plurality of interrupt blocks. 

4. A method as daimed in dalm 3, wherein said con- 
trol t>fock is transmitted upon receipt of an acknowl- 
edgement from said host processor (53a) of a 
control btock of interript information previously 
transmitted from said di£ptal signal processor sub- 
system (1 2) to said second data memory (89). 

5. A method as claimed in daim 4, wherein said con- 
trol block is additionally transmitted i4x>n accumula- 
tion of a predetermined maximum number of 
interrupt blocks after transmission to said second 
data memory (89) from said digital signal processor 
subsystem (12)of a previously transmitted control 
bfock of interrupt information. 

6. A method as daimed in daim 4, wherein sakJ con- 
trol tslock is additionally transmitted when elapsed 
time fdlowing transmission to said secorxj data 
memory (89) from said digital signal processor sut>- 
system (12) of a previously transmitted control 
bfock of interrupt information reaches a predeter- 
mined valua 

7. A method as daimed in daim 4, wherein said con- 
trol block is ackfitionally transmitted when elapsed 
time, following a first interrupt request occurring 
after transmissfon to said second data menrK>ry (89) 
from said digital signal processor subsystem (12) of 
a previously transmitted control block of interrupt 
infomfiation. reaches a predetermined level. 

a A method as claimed in daim 3. wherein said con- 
trol block is transmitted upon accumulation of a pre- 
determined maximum nurTt>er of interrupt blocks 
after transmissfon to said second data memory (89) 
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from said digital signal processor subsystem (1 2) of 
a previousty transmitted control block of inten^pt 
informataon. 

9. A method as claimed in daim 3. wherein said con- s 
trol block Is transmitted when elapsed time follow- 
ing transmission to said second data memory (89) 
from said digital signal processor subsystem (12) of 

a previously transmitted control block of interrupt 
information reaches a predetermined valua w 

10. A method as claimed in daim 3, wherein said con- 
trol block is transmitted when elapsed time, follow- 
ing a first intenript request occuning after 
transmission to said second data memory (89) from is 
said digital signal processor subsystem (12) of a 
previously transmitted control tkxk of interrupt 
infbrmatioa reaches a predetermined level. 



communications adapter with said time division 
multiplexing and demultiplexing means of said 
second communications adapter, and connect- 
ing said plurality of signal processors on said 
second communications adapter wHh said time 
division multiplexing means of said first com- 
munications adapter. 

13. An apparatus as claimed in daim 12. wherein said 
first bus (42) Is additionally extended to connect 
said first and second communications adapters 
with another communications adapter. 

14b An apparatus as daimed in daim 11 or daim 12, 
additionally comprising: 

a host processor (2) connected to said first 

communications adapter (10); 

a host data menxny aooessStHe by said host 

processor; 

a data bus extending between a digital signal 
processor within said plurality thereof of said 
first communications adapter and said host 
processor; and 

an intenupt line extending between said digital 
signal processor and said host processor, 
wherein said digital signal processor (12) inter- 
rupts said host processor (2) bf sending an 
interrupt control block induding intenupt infor- 
mation along said data txjs to said host data 
memory and by sending an inten^upt along said 
interrupt line. 

1& An apparatus as daimed in daim 14, wherein said 
interrupt control block indudes a plurafity of inter- 
rupt blocks, each of which desaibes an interrupt 
request. 



11. Apparatus comprising: 20 

network interface means (24) for connectk>n to 
a telephone network line; 
time cfivisfon multiplexing means (21) combin- 
ing a plurality of signals for transmission along 2S 
said telephone network line; 
time divisfon demultiplexing means (21) sepa- 
rating a plurality of signals received from sakj 
telephone network line; 

a plurality of digital signal processors (1 2) con- 30 
nected to said time divisbn multiplexing means 
and to said time division demultiplexing means; 
and 

a bus interface (58) for sending data from said 
plurality of digital signal processors arxJ from 35 
said time division demultiplexing means and for 
receiving data to send to said time division mul- 
tiplexing means and to said plurality of digital 
signal processors. 

40 

12. Apparatus corrprising: 

first and second communications adapters 
(10), with each said communfoations adapter 
induding network interface means (24) for con- 45 
nection to a telephone network line, time divi- 
sion multiplexing means (21) combining a 
plurality of signals for transmission afong said 
telephone network line, time division demulti- 
plexing means (21 ) separating a plurality of sig- so 
nals received from sakJ telephone network line, 
and a plurality of cfigital signal processors (12) 
connected to said time division multiplexing 
means and to said time divisfon demultiplexing 
means; and ss 
a first bus (42) extending between said first and 
second communications adapters, connecting 
said plurality of signal processors of said first 
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